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A mmmnmy ANALYSIS OF THE FLYING QUALI‘I'IES OF THE -
,coxvsox,mAmn VUI..TEE nx 813 DELTA-WING AIRPLAN‘E CONFIGURATION AT
'mmsomc AND LOW: surmsonxc srms AS nmmmm FROM FLIGHTS :

| or Rocmr-rowmm MODE!’.S
By Gra.dy L Mitcham :'l -

A preliminary e.na]yeie of the flying qualities of tlie Coneolida.ted -

1"Vultee MX- 813 d.el'be.-wing a.j_rple.ne configura.‘tion hAB been ma.d.e ba.sed on’

. the reeulte ob'ba.ined. :E'rom 'bhe firet two J’é-sce.le models flown at the

'_iNACA Pilotless Aircraft Research Ste.tion Wallops Island, Ve.. The Mach
‘.l"'num'ber range covered. in the teste was from 0 9 to 1.2. : ‘

" The e.na.lyeie indicates ad.eque.te eleva.tor cont.rol for trim 1n level

.. " f£light over the speed range investigated, Through the transonic range
’ " there is a mild trim change with a slight tucking-under tendency. The -
- “elévator, control effectiveness in the supersonic range is reduced to .
" 7" about one-half the subeonic value although sufficient control for maneu-
vering is available ag indicated by the fact that 10° elevator ‘deflection
- produced '5g acceleration at a 'Mach number of 1.2 at 40,000 feet. ' The
" elevator. control forces are high and indicate the power requjred of the

‘booet system. The d.ampi_ng of the short-period oscillation 1s adequate

. &t sea ‘level but.is reduced at 40,000 feet. The directional stability
.v‘appea.re adeque.te for the speed range a.nd a.nglee of etta.ck covered

7mmowcmxo;f B

. At the requeet of the Air Ma.teriel Command, U. S Alr Force flight
tests of la—scale rocket-powered models of the Consolidﬂ.ted. Vultee MX-813

a.re being mede to eve,lua.te the d.ra.g a.nd longitudinal eta.bility a.nd
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control cha.ra.cteristics at transonic and low supersonic speeds at the

- NACA Pilotless Aircraft Research. Station Wallops Isle.nd Va. A total

of six modela, four of which have: heen flown, were supplied. for the
investigation. The first model was lost due to a structural failure.
Thiree models which 'were instrumented for a study of longitudinal
stability and control .have been flown successfully. The present paper
is prelimina.ry in that 1t is based on only the first two of the three’

B . successful models flown and does not represent a complete a.:na.lysis

These two models are referred to herein as model 1 a.nd. model 2.

- The MX-813 tailless airplane has a wing of triangular plan form

with -60° sweepback of ‘the leading: edge and .an aspect ratio of 2.31;
.7 the profile at:all spanwise stations is an NACA 65(05) <006.5 sectlon. -
~.. Lengitudinal and leterdl control are: provided by a ‘single set of -

constant-chord trailing-edge control -surfaces on.the wi called

' elevons. Deflecting the elevons together provides longitudinal control
‘. sand deflecting them differentially gives lateral control- ‘The vertical
© o tail is of triangular plan form with a 1ead.ing-edge sweepback of 60°:

- A flying mock-up ‘of the MX-813 s designated as’ the Consolidated

_';;__:‘Vultee 7002, was. designed by the contractor, and ‘flight tests of the
e TO02. con:t‘iguration at transonic speeds are contemplated The. fuselage
.+ of, this configuration is scmewhat emaller and of:a different shape ‘-

' than. that of the MX 813 The fuselage ‘nose sections on the -:BL—-escale
"'r'f"’."j‘mod.els, which ‘otherwige’ represented. "the. MX-813 configuratiom,’ were .
i modified to approximate the existing nose on the 7002 configuréation

,with the exception of the alr intake on the airplane which was faired .
-'to ‘a, cone on. the modeI. A comparison -of the full-sca.le '7002 airplane

if-and the g-scale Mx 813 model is presented in figure 1- :

Tn

'l‘he models were ﬂown vith a prograinmed-type control which called

. for abrupt pull-ups and push*downs with the ‘elevons operated as elevators.
.. 'The flight test for model 'l vag conducted ‘on Septeunber 11 l9h8 and for :
~"model 2 on Octo'ber 15, 191&8 . , i

S Thia paper contains the important sections of the flight time :
histories ‘and thevesults of an analysis of the high-speed flying
qualities to be expected fram the MX-813 in the Mach number range . .
from 0.9 to 1.2 based on the results obtained fram the flight tests.
The ana.lysis is presented for the ‘full-scale configuration with a wing

" 1oading of 27.3 pounds per square foot at sea level and at an altitude

of 40,000 feet. The camputations are based on two center-of-gravity
positions » 20 percent and 25 percent of the mean aerodynemic chord..
An analysis of the data in terms of aerodynamic coefficients and -

- sta'bility derivatives is in progress for all three sta'bility modela
flown . ) )
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time from launching, second.s

Mach nunber-

velocity of sound, fee’c per second '

-ﬁ‘ee—s*bream static pressure, pounds per 'square foot
'specific heat ratio, “Value taken, 1. l&O .

' hinge moment, inch-pounds total-head pressure .
(equations (1) and: (2)5, pounds ‘per’ square foot ..

', mean aerodynamic chord, feet
longitudinal acceleration, feet per second per second '
normel acceleration, feet per second per second

transverse acceleration, f‘eet per second per second"

acceleration due to gravity, 32 2 feet per second
per . second .

control deflection measured on chord line parallel
‘to the plane of symnetry, degrees ; .

A,angle of attack: measured frqm fuselage center line 9
degrees SRR . -

' Reynolds number (L)
weight, pounds
' wing area, square feet
ﬁ‘ee s'bream dynamic pressure, pounds per square
' ove
foot 2/
.'mss density of air, slugs per cubic foot R

chord-force coefficient ( 1LY 1)
. \&.8 q

G ONEENNL Al
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. .~l. '\“': " - P ‘., w l v
Cy - e normal force coefficient (g s q) .
Cy, _ lift coefficient (CN cos @ + C¢ sin a)
CLipim - 'trim 1ift coetficient
rim. .
- Crg L rate of - change of 1ift coefficient with a.ngle of

attack , per degree

' rate of change of trim 1ift coefficient with elevator .

‘ deflection, per d.egree
- éﬁt;m : trim con*brol deflection, d.egreee
x - stick movement > _inchee
F -'.' - | stick force, pounds -
. . S ..‘period of’ an oecillat.ion, eecon;is N
_IY o moment of inertia a‘bout pi‘tch a.xis, elug-feet2 e

Cmé_b: +' Gmﬁz ' total dmnping factor '

A'I.‘l/a e time'to-da'n.lP to 1/2' empiitu'de, seconds o .
Cm L msseie

| ':. v—s,_u;bscfi'p'f_s.:' 2 | ‘J

Al - pui‘scale airpiar‘xe, e

sml " model’

MODELS AND APPARATUS

B . Models
A three-view drawing of theg-acale model used in the’ present
) inveetigation is given in figure 1.0 The p‘hysical characteristics of
" the full-scale Consolidated. Vultee "{002 a.irpla.ne and of the%-scﬂe
‘models of the MX-813 are preeented. in table TI. Since the %-scale
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,models were designed, .with modifications of fuselage nose sections, from
.. the original MX-813 configuration, the values are not exactly: one-eighth

5",‘ of the valiies of the full-scale T002 configuration- Photographs of, one -
. of the MX-813 models are shown as flgures 2 and 3.° ‘The model fuselage ‘

and components ‘WEré constructed of duralumin, magnesium castings , ‘and.
magnesium skin. The fuselage construction wag of the monocoque type and
was divided- into three sections.. The three sections were the nose -
section, which held the telemeter, the center section which held the -

.. wingsy tail, compressed—air supply, and"- control-actuating system, .and -

- - the tail section which contained the roclcet sustainer ‘motor and: booster :
f attachment. . X ; - O o

The programmed movement of the ‘elévons wae a.cccmplished by a

-compressed -air system which called for abrupt pull-ups and push-downs T

i at a frequency of about one cycle per 1. 2 gecondd. The control "surfaces,

which vere unsealed, moved together between stops in a- square-wave motion. . s

- . On model 1 the surfaces were deflected down '5.39 apd up 5.3°; on model: 2
the deflection was down 4.7° and up 4.7°. ' This. control motion was in. ™
operation during the entire, flight-- Prior to each flight the control

" Bystem was subjected to & static load test at two locations along the

R span of the elevon to determine the twist that would be ‘enicountered:

‘ . loads.’ The elevator-deflection data presented. in this paper were
C corrected on the basis of these tests- ) . . ; .

along the span and in the control-linkage system under high aerodynamic

: " The models were boosted to supersonic speeds 'Dy a dry-fuel, 6-inch-
- diameter Deacon rocket ‘motor, which is capable of producing an average Sl
thrust of 6500 pounds for, approximately 3.1 seconds PR

'I‘he rocket sustainer motor for ‘the model was a 5= inch HVAR dry fuel "
rocket ghortened to. 17 inches &nd modified to glve an average thrust of - .
900 pounds for 1.4 seconds. The ‘amall sustalner motor served ‘a two- fold a
purpose: during the" power-on ‘portion of the flight ; the motor allowed
the controls to operate cne camplete cycle at approxi_mately a .constant - -
Mach number and’ agsured-a: positive separation between model and booster
at’ booster burnout : . oo

‘I‘he sustainer-motor nozzle served as the point of attachment of the
booster to the model. This type of attachment’ allowed a drag separation
.of the booster fram the model at. cessation of booster thrust inasmuch as
the drag-welight ratio of the model was less than the drag-weight ratio
of the booster. .

.. The booster-model combinations were ground—launched frcnn a crutch-
type launcher. (See fig. 4.) The leunching angle for model 1
~was 43° 40! from the horizomtal and for model 2 was 4L° Lo'. Table II

' - presents the weight end balance data for the models end for the full-scale

airplane. Figure 5. shows a sequence of photographs of the boosteremodel
combination at take-off. .
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Apparatus
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Doppler velocimeter radar unit, photography, and radiosonde. The time
histaries of the data as the models traversed the Mach number range
were. tranamitted and recorded by a telemeter system which gave eight

channels of information: four channels of continmous signal and four

: channels of intermittent slgnal. The data recordéed were longltudinal,
_ transverse, ) ahd normal . acceleration, hinge. mament; ~control position;

angle of attack; total head; and a. calibrated static preasure used to

The data, from the flights were obtained by the use of telemeters , _.

" determine free-stream static pressure. Angles of attack were obtained -

- by a vane-type . angle-of-attack indicator located on a sting shead of
- . the nose of the model. The’ ‘pressures obtalned from the telemeter
,recorde were reduced to Mach number ‘oy the following equations

oo B =(1+ L—alh@) B ¢
Supersontc . w0 Iy
T T (2)
(—“"‘ ’—) |
Y+ 1 7y + 1) .

‘where p was obtalned fram the calitrated static-pressure data. The

" maximm -altitude attained on model 1 was approximately 4000 feet, while

‘on model 2 the maximum altitude reached was %700 feet. The Doppler

T —4-«'8 !-u.aa._ehaﬂw AL RN ._::.-

',jveloci.meter radar unit served as an independent check of the Mach
‘ mm'ber o'btained by uee of the total and static pressures.

Fixed wide a.ng,le cameras .and l6—millimeter motion—picture cameras
recorded the launchings , ‘&nd the flights were tracked by l6-millimeter
color motion—picture cameras- .

Tz_sm IECBNIQUE .

»-_-‘-_. P I DR M AN

'The model was dieturbed in pitch by abrupt movement of elevons
operated as elevators at Dreset-time intervals which gave a square-

~ wave-type elevatar motion. The flying qualities of the full-scale:
‘airplane were calculated fram an analysis of the farces and motions

'resulting fram these cyclic disturbances-
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. BASIS OF ANALYSTS

The most recent speoifications for satisfactory flying qualities
(references 1 and 2) have been used as a guide in the present analysis.
However, inasmuch as the analysis is restricted to the behavior of the
model at tramsonic speeds, no detailed step-by- step comparison with
these specifications has 'been attempted. . L -

The Reynolds mmber and Mach number ranges for the full scale

Mx 813 airplane and the %-scale models are, presented. in figure 6

An eval'uation of the- effect of damping in pitch on the control

V' position required for trim indicated the effect to be of small magni S
tude with the maximum effect being 1.5 percent at sea level and 3. per-

cent at ko, 000 Peet for a Mach rumber of 0.91. This error decreased

with increasing Mach mumber because of a decrease in elevator effec-

tiveness at transonic and low- supersonic speeds. ’I'he data presented.x Sl

are not corrected. for this effect. c el

The flying q_ualities vere esti.mated. from the actual time historiee

" of flight models 1 and 2. The. method and steps necessary to reduce the. o

flight records to ﬂying qualities sre descri‘bed. 1n detail

Variation with Mach Num'ter of' thé ControltPosition
Required. for Tri.m in Level Fligh‘b

The trim lift coefficient th 1m for 00 elevatar deflection was

no‘btained by plotting values of Cp- corresponding to: constant positive .
a.nd. negative elevator deflections against Mach number. These values

were taken from the trim values of C]'.. ami Be obtalned f‘rcnn the

time-history data of the flight test of the tvo %-scale models-

Flgure 7 presents a typical section of a time history and the method
of determining trim values from the oscillations. The value of CL

for Bg = O°' was obtained by interpolation. Values of Cj, for level '
flight for the. full-scale airplane were obtained from the relation

CL(lg) =KE The difference between cL(l 8) for straight and level
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_ j"flight and th m for a = 00 was divided by O, bt to glve By
“for straight and level flight for va:rious Mach mmbers

= L ‘3) CLtrim(S—oo)
I‘f’trim

.ae

Elevator Control Force for Trim against Mach Number : '

P A value of doflection of elevator per inch of stick movement for
T a high-speed fighter-type airplane was assumed to 'be . N

-f 2 degrees per inch

the B-Bc:ale flight-test models for corresponding ‘Set im values et
against Mach number. The method. for determining trim lines was the .

same ‘as- in figure 7,' The value of <AE- " was obtained from
- ‘- . trim : S

AD

At a given Mach number 8 value of hinge mounent was read at a-éiven' L
I ‘elevator: deflection and corrected to: the aetr 1 for straight and .-
) ‘;-:‘.'.'”;'level i’light eea-level conditions by " :

'Ii’ ‘the, Hinge moment for 5°trim for etraight and 1evel flight at

S sea-level conditions 1is known, the elevator-control force is obtained
Lo by :
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- 57-3 x
w};_l‘ér.e. .E has 'been corrected to full gcélg.. |

Change in Normal Acceleration for a Corresponding Change

S in. Elevator Deflection ;%— against Mach Number
e .

e ‘The "vaiueé of GL for level flight for various Mach numbers were .
ddvided by CI'Strim 80 that :

AAa _—.&.CL(l )
: Cﬂﬁtrim : '

- for 1 g The recim'ocal of thia quantity is the required quantity

M (e} -
AL g

Change in Trim Angle of Attack for a Corresponding Change in Tr:lm

. el L)
(L T, : N . R A

‘S-

T Elevator Deflection (2:) ‘as a Function of Mach. Number
B AL ®/trim . - _
; The_ change in t.r:l.m angle of attack was d.ivided by the corre- ,
ponding change 1n trim elevator d.eflection at consta.nt Mach numbers-
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‘Stick Force per g agalnst Mach Number
" The change in elevator deflection red_uired. for a change in normal -

acceleration of 1 g, reciprocal of éi, were multiplied by STL: G
Abe setr 1m

' to obtain the’ change in hinge moment required for a change in normal
i acceleration of 1 g. Then for % in pound.s per g

: _ D:rnamic Sta'bility ._.- ;
The dynamic sta’bility of the airplane in terms of period and

"'_._"'_A-damping of the short-period longltudinal oscillation were determined -
- fram the oscillations of the model corrected to.full-scale conditions.
. The correction Pactors were ‘determined i‘rcm a two-degree-of-freedom
“method ‘of ‘analysis of the motion which assumes .no changés in forward

speed during the oscillation. The period- ‘of the oscillation for the

.airplane in terms of period for the model 18

.':_l’a'? P Em‘in&m

mv Sc II Py

. "I'he rate of change of the pitching-moment coefficient with angle of
attack. is amitted fram this equation since the center of gravity for
' the model and that for the airplane is the same. The time to damp to

one-half amplitude for the airpla.ne was deteminad. by the following

) relationshi p.
- 2 : v Cr v
cr b O =0T _[0.603 _ 573L°°MS
. o CDLE mgg pv Msae AT]./Q . h.m
CoONBBBmInEN,
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¢ L and eq_uated i’or nodel ami airplane as fo]_lcws

-57.3C. p.V. ME - IY 2 IY v oa ata .
0693 _ __ "TaCg [ 1. Tm® ). 0693

s AT1/2&“ — u ._,ma 1Y mmgma Ira %pmsmame dl‘l/zm

: RESULTS AND DISCUSSION
LT Ti:me Historiee l

Time histories ci’ the important ;perts of. ﬂight for mod.els 1 and 2' '
.  are glven. in figures 8 and 9 and -a plot of - q  1g given in figure: 10.

On model 1, longitudinal acceleraticn va.s a switched channel as shown
- 'in figure 8. The channel markers indicated in the angle-of-attack,
_control position, hinge moment, and noma.l-a.cceleration channels on
figure 8 serve to identify the: channele and during this time interval .
no values are recorded; the dashed. lines are estimated from the shape
. of similar oscillations. The hinge-moment &énd transverse-acceleration
<.+ -+ 7 'channels wére switched to give intermittent signals on model 2 as shown
330 - . in figure 9 The short dashed lines. were estimated fram the results
' ' obtained on model 1.. The solid portions of the curves are the actual
_data obtained fram the ‘flight. .The elevator deflections as presented
" An figures 8 and 9 have been corrected i’or the twist in the gystem . -
'_f,-caused. by the hinge moment; the angles ‘of attack have 'been corrected . -
_‘ for the difference in a.ngle 'between the a.ngle-of-attack vane. and the

e o . ','~",'l~-."',.,, Lool., . St . . . . .
*" KT "'.’ " Lo e v 1" : e T . ) v

Longitudinal Trim Chsracteristics RN

% DR The characteristics of ‘the elevator control in level ﬂight of the
: o Mx-813 configuration aré presented in figure 11 in the form of the ..

. variation of the elevator position required for trim with Mach number:
_Control-position trim cha.nge is manifested’ ‘between & Mach number.. :
b L of 0.90 and 0.96 at sea level and at 40,000 feet. The control-positiom
B S .trim change is a function of' variation of out-of-trim pitch:lng moment
s e _with ‘Mach number, change in control effectiveness, "é&nd. the movement of -

the neutral point. The resultant changes in trim, tucking-under tend~-
‘ ency, appear to be relatively grad.ual and of moderate magnitude. For
- example, at 40,000 feet a maximum up elevator angle oi’ ‘about 5° 1s
" required at a Mach number of 0- 96— i !

P v [N B
. Tt e e . .
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.. An evaluation of the stick-fixed maneuver polnt in the Mach number
range between 0.90 and 1.2 indicated that the point 1s. well behind the
‘most rearward center-of-gravity position and the requirements are met
for maneuvering stability in reference 1. -

Longitudinal control forcee- The elevator-control force required

for trim in straight and level flight at various Mach mmbers is pre-

sented in figire 12 and the stick force per g is presented in .

figure 13. These stick forces are based on a conventional airplane’

- coni’iguration with 20 of elevator deflection to 1 inch.of stick move- .
- ment. Thia aseumption wag necessary eglnce the full-gcale Mx-813 1s -
provided with an irreversible loo-percent hydraulic boost. control

system; ‘therefore, no relation exists- ‘between hinge maoments and. stick
forces. The data do 1ndicate, however, the power required of the -
control boost system with no balancing and trinming devices. For
example, at a Mach number of 1.2 at 40,000 feet, the stick force '
per g based on neasured hinge moments is about 1000 per g.

. The variation of elevator control force for trim with Mach number e
‘ ( fig. 12) indicated that .pull forces were required at all speeds below
. the trim speed and push farces: req_uired at all speeds ‘above the trim. .
speed within the range of Mach ‘mimbers fram 0:96 to 1. 2. The opposite
- 18 true frdam Mach riwmbers of 0.9 to '0.96; but the elevator angle for . -
. trim in this range of- Mach number increases with increasing Mach _
number. However, the. etick ‘force’ vould be in the correct sense. with

'-'-,respect to stick movement throughout the. transonic region.

i The elevator hinge-moment data obtained for model 1 indicate a
. forée reversal at high angles of attack (a = 15°) at Mdch numbers

'below 0.9. Model 2, which flew at angles of attack of a'bout T7°
CLin et M =.0.9, did not show a hinge moment reversa.l but did indicate

: -hinge moments near zero.

Longitudinal control ef‘fectiveness -: The variation vith Mach-
' num‘ber oi’ the normal acceleration produced per u.nit elevator

deflection %__ ds: presented in figure 114 At sea level a large

© transition in elevator effectiveness was apparent from subsonic to.
+ * low supersonic speeds with minimum effectiveness occurring at a Mach
..number of .1.06 for model 1 with the .center-of-gravity location at
25-percent mean aserodynsmic chord and at a Mach number of 0.98 for
model 2 with the center-of-gravity locatlon at 20-perceiit mean aero-
dynsmic chord. .Sufficlernt control for maneuvering is avallable as
indicated by the fact that 10° elevator deflection produced 53
acceleration at a Mach number of 1.2 at 40,000 feet. L




_ change produced per degree elevator deflection

13 hinge- ~méfpernt effect, which is eppéarent in figures T and 8.° The ]
- fixed-comtrol cheractéristics will dictate the behavior of ‘the MX-813
“ since. 1t 18 eQuipped with ‘an irreversible lOO-percent hydraulic ‘boost

rNAcA'RMﬁo;. SL91:13 'f- -ee%ga - : o 13 -

Another measure of control effectiveness is the angle-of-atteck
(fig- 15)

Aae fertm

The effectiveness of the elevator in changing angle of attack at .

supersonic speeds 1is reduced to about one-half of the subsonic value.

This change of effectiveness occurs graduslly. This effect was

 particularly noticesble on model 1 with the rearward ¢enter of gravity -
- where ‘the trim angles of- atteck below M= 0.9 were greater than the

range of the angle-of-attack vane. ‘The. decrease incontrol ‘effective=

ness -is evideénce of the- increased stability of the configuration and - w

the decreased 1ift effectiveness of the tralling-edge flap that can be

: expected et supersonic speeds as cdnpared with high subsonic speed.s-r.

Q[namic stability.- The char&cteristics of the stick i’ixed short-

periocd longitudinal oscillations are presented in figures 16, 17,
‘and 18. U. S. Air Force. specifications for stebility and control

E fcherecteristics of ai_rplsnes require thet the sHhort-period dynamic

oscillation of" noms.l acceleration produced. by moving .and quickly

o releasing the elevatcr shall be. demped to 1/10 amplitude in one cycle

(vased on free éontrols). The damping ‘characteristics for the full-

' 'scalé MX-813 have been'evalusted for the ‘control-fixed condition; : - “:. -

althOUgh there is a. slight oscillation in the control position due .

control systém- Figures 17 and 18 indicate that ‘this tallless design

-would more than meet such a requirement at sea ‘leével since the 1ongi-
". tudinal -short-period oscillation will demp to an average value of

1/16 aplitude in ome cycle. At 40,000 feet, Bowever, the demping ié__‘ Lo

reduced to a'bout 1/3 of the sea-level velue. ”

Directional stability. MOdel 2 apperently had some . directione.l

: _'_asymnetry causing 1t to develop a small positive side force throughout
- the flight: <This _effect 'beceme ‘about twice as lnrge at Mach numbers:
.. “below 0:9.. Model 1.414 not -exhibit any such: Gonsistent silde-force ~
o va.riaf,ion, the side forces on model 1’ resulting fram an’ occasional

disturbance: Neither model showed divergence or continuous oscil- .
1atio‘ns thus indicating positive directional sta'bility '

e _,ej;q;;qcx,usmns* |
An a.ns.lysis of the flying quelities of the Mx- 813 ’ based on the
results obtained from two %‘-scale models, for Ma.ch ‘numbers 0. 9 to 1 2

Ny :_‘indicates the following conclusions for the m:u—scale airplane. ,
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1- There 1s ample elevator control for trim in level flight at sea

~ level or at altitude. At 40,000 feet a maximm up eléevator angle of .

about 5° 1s required at a Mach number -of 0:96. The transonic trim o
change, a tucking-under tendency, appears to 'be mild. o K

2- The - elevator control remains effective in changing lift or

- angle of attack over the entire. speed. range- The effectiveness of

the elevator in changing angle. of attack, however 3 1s reduced to about
half of its subsconic value at supersonic speeds- This change of S

- effectiveness occurs gradually

3 with the ‘center of gravity at 25—percent mean aerodynamic chord

A “the normal acceleration produced “per degree elevator is such that. about
.. 109 up’ elevator ‘are required to produce 5g at 40,000 feet at a Mach -
"-l}_.number of 1.2.°" The carresponding stick force per g ‘based on the .
- measured hinge moments:.is about 1000. pounds per g, & figure which )
' gives an indication of the power, required of the control hoost syetem

4. The demping of the short-period 1ongitudinel oscillation is

., adequate over the speed. range for the sea-level condition (of the .
Do order of 1 cycle to’ d.amp to’ 1/16 amplitude) At -40,000 feet, however,-
- ‘the d.amping is reduced to about 1/3 the sea-level value

5 The directional sta'bility appears to be adequate throughout )

the apeed and angle-of-attack range investigated.-

e I'A' La.ngley Aeronautical La'boratdry '

. National Advisory Cammittee for Aeronautics
Lo L&nsley Air Farce, Base, Va I

Lo T arady T, Mitchan
B Aeronautical Engineer

Vo

L TRovert R. Gilruth . .
o Chief' of Pilotless Aircraft Research Division
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1. Anon Flying Qualities of ?ﬂoted Airplanes. U. s. Air"'ﬁérce .
' Specification No. 1815-3, June 1, 1948.

2. Gilruth R. R.: Requirements for Satisfactory Flying Qualitiee of
Airplanes_-‘ NACA Rep. No. 755, 1911»3:
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_Bécket" fue;l..ipclﬁie_d' on. the 5 -':s:ba'le models

Modsel

WQiéht Wing loa.d:lng
(1v) (1b/sq ft)

| center-of -gravity
position -

Moment of inertia,

(percent M.A.C.) 1

Iy
(slug-£12)

. .2 1 189°75

1 | 188.00f.

29.7
2.0

1752
178

%- scale models without rpcke%,:

fuel . ;..

 Model

‘Welght | Wing loading
(11:)  (1b/sq £t)

'Centar‘-'dvf"'-gt“'av_ity
. position =
(percent M.A,.C.). -

Mament of inertis,
Iy
(slug-£t2)

18.50|
18425 |-

W

729'.2 :

29.5 .,

25.0
200

16.65
- 17.10

; M-ecale 7002 -

- ‘lloml gross’ veight

(lb)

Hing loading
(lb/sq ft)

Center-of-gt'_avitj
position _
(percen‘b M.A.C.)

‘Moment of inertis,
‘ T i

- (slug-ft2)

27.3 |

-28.5

27,283




-uosTIRdmMO0 JOJ UL peyplexs 8T ouWeTdITe Z00. ©93TNA POJEPTIOSUO) *8EUOUT UT

8

rempp TT® fTepow 4uBtTF Pesemod-gexoox m.nwuﬁa.o._..comuw., mﬂ. JOo SupmaeIp MOTA-00JUJ, -

A uouy

v2be

© eupjdiip N.ooﬁw\,

M3IA 3PIS

aayLo uom,_ _Eo._. Tllo_ m_||_
. | mmN

T eaMBTL

JzZOU JNI0L
y-11 _c_m:m

)

g 1
: . ] .‘ i
e L qmmmmizimmmmoe

1598

£10Z——f—t9E—

. BEU__UE
xou:c.ho.w_mcq

8565~

2>

ST .‘ o MIIA ao._. : .mw 7

»f'- !




Figure 2.- Side view of one of the MX-813 models.
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' Figﬁre 3--’_‘Bo'tt.oin fiéfr of one of the MI-813 models..
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=-gcale model of the MK-81.3..
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Figure 5.- 'Phq“b‘égr':aphq of ‘launching of
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